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Cd1 – xMgxS (x  0.00, 0.05, 0.10, 0.15 and 0.20) nanoparticles were synthesized by co-precipitation 
method for the first time. Compositional, morphological, structural and optical studies of the as prepared 
samples were carried out by X-ray diffraction (XRD), Energy dispersive analysis of X-rays (EDAX), Scan-
ning electron microscopy (SEM), Diffuse reflectance spectroscopy (DRS) and Photoluminescence (PL) tech-
niques. XRD studies revealed the structural phase transition from cubic to hexagonal and increase in the 
average grain size of the nanoparticles (lie in the range 1.4 nm to 2.8 nm) with increasing Mg content. 
EDAX spectra rules out the existence of impurities in the samples. Bandgap widening was observed in all 
the samples compared to bulk CdS (2.42 eV). Decrease in bandgap (3.02 eV to 2.54 eV), luminescence 
quenching and red shift of luminescence peak position were observed with increasing Mg in Cd1 – xMgxS. 
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1. INTRODUCTION 
 
Sulphur based binary chalcogenide semiconductors 
like ZnS and CdS have attracted much attention in the 
past few decades due to their unique properties. In semi-
conductor nanoparticles if the particle size is greater 
than Bohr exciton radius it is said to be in weak con-
finement regime. If the particle size is reduced below the 
Bohr exciton radius it is said to be in strong confinement 
regime. Quantum confinement leads to new electronic 
states in the band structure of semiconductor. Semicon-
ductor nanoparticles exhibit different electrical and opti-
cal properties from those of their bulk due to quantum 
confinement [1]. CdS is one among the II-VI semiconduc-
tors with wide bandgap (2.42 eV) [2] at room tempera-
ture and Bohr exciton radius ≈ 3 nm. CdS has been ex-
tensively studied in the past few decades due to its ap-
plications in various fields like X-ray detectors, window 
material for hetero junction solar cells, light emitting 
diodes, photocatalysis, biological sensors, address decod-
ers and gas detectors [3-9]. CdS has hexagonal wurtzite 
crystal structure in bulk form where as other two struc-
tures (cubic zincblende and rocksalt) are observed only 
in nanocrystalline form [10]. 
Mg doped ZnO nanocrystals were synthesized by 
several methods like chemical co-precipitation, sol-gel, 
direct thermal deposition, sono chemical and femto se-
cond laser ablation [11-15]. Vinodkumar et al. fabricated 
Mg doped ZnO nanoparticles for efficient sunlight driven 
photocatalysis [16]. Many workers reported bandgap 
widening and blue shift of the PL emission peak in Mg 
doped ZnO nanoparticles [17-20]. But decrease in 
bandgap and corresponding red shift of the PL emission 
peak was reported by Junlin Li et al. in Mg doped ZnO 
micro prisms [21] and by R.Viswanathan et al. in Mg 
doped ZnO nanoparticles [22]. Synthesis of Mg doped 
ZnS quantum dots was reported by Zhong et al. by pre-
cipitation method [23].Temperature dependent photolu-
minescence of Mg doped CdS nanowires was reported by 
Jun Zhang et al. [24]. No reports are available about the 
synthesis of Mg doped CdS nanoparticles. We synthe-
sized Mg doped CdS nanoparticles via chemical co pre-
cipitation method for the first time. 
 
2. EXPERIMENTAL 
 
All the chemicals used in the synthesis of present 
nanoparticles were of analytical grade (AR) and were 
used without further purification. Sodium sulfide (Na2S), 
cadmium acetate di hydrate (Cd(CH3COO)2.2H2O) and 
magnesium acetate tetra hydrate (Mg(CH3COO)2.4H2O) 
were used as precursors. Double distilled de ionized wa-
ter was used as solvent and 2 mercaptoethanol 
(HOCH2CH2SH) was used as surfactant. 
Cd1 – xMgxS (x  0.00, 0.05, 0.10, 0.15 and 0.20) nano-
particles were prepared by taking 50 ml aqueous solu-
tion of acetates (Cd and Mg) as per the stoichiometric 
ratio (0.2 M) and 1 ml capping agent is added to it.50 ml 
of aqueous sodium sulfide solution (0.2 M) was added 
drop wise to the above solution at 80 C temperature 
under constant stirring for 2 hours. Filtered precipitates 
were dried in vacuum for 8 hours at 60 C and made in 
to fine powders. 
Crystal structure of the synthesized nano particles 
was studied using Serifert 3003 TT X-ray Diffractometer 
with Cu-Kα radiation with a wavelength of 1.540 Å. 
Chemical composition and surface morphology of the 
target samples were analysed using Scanning Electron 
Microscope (SEM) with Energy Dispersive Analysis of X-
rays (EDS) attachment (CARL-ZESIS EVO MA 15). Dif-
fuse reflectance measurements of dry powders were per-
formed using Jasco V-670 double-beam spectrophotome-
ter for energy gap determination. Photo-luminescence 
(PL) studies were carried out using JOBIN-YVON 
Fluorolog-3 Spectrophotometer with a 450 W Xenon arc 
lamp as an excitation source. 
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3. RESULTS AND DISCUSSION  
 
3.1 Elemental Analysis 
 
Fig. 1a and b shows the EDAX spectra of  
Cd1 – xMgxS (x  0.00 and x  0.10) nanoparticles. In the 
synthesized samples elemental Cd, S and Mg were 
found in a near stoichiometric ratio. No traces of other 
elements were noticed in the spectra confirming the 
purity of the samples. 
 
 
 
Fig. 1 – EDAX Spectra of (a) Pure CdS and (b) Cd0.90 Mg0.10S 
nanoparticles 
 
3.2 Morphological Analysis 
 
SEM is a powerful tool to study the surface mor-
phology of the samples. Fig. 2a and 2b represents the 
SEM images of pure CdS and Cd0.80Mg0.20S nanoparti-
cles. From the images it is evident that in un-doped 
sample only clusters of agglomerated particles are 
seen, where as in Mg doped sample agglomeration was 
decreased with uniform distribution of particles.  
 
3.3 Structural Analysis 
 
Fig. 3a shows the x-ray diffraction patterns of the 
prepared samples. For pure CdS and Cd0.95Mg0.05S na-
noparticles, the x-ray diffraction pattern consists of two 
broad peaks centred at 2  values 27  and 47 . They can 
be indexed to the cubic zincblende structure. Similar 
structure was reported by Herron et al. [25] and  
 
 
 
Fig. 2 – SEM images of (a) Pure CdS and (b) Cd0.80Mg0.20S 
nanoparticles 
 
Banerjee et al. [26] in pure CdS nanoparticles. X-ray dif-
fraction pattern of Cd0.90Mg0.10S consists of multiple 
peaks with overlapping. So we are not able to index them 
either to cubic or to hexagonal phase. This pattern may 
be due to the mixture of both cubic and hexagonal phas-
es. Three distinct peaks were observed in Cd0.85Mg0.15S 
and Cd0.80Mg0.20S at 2θ values 26.6 , 43.6  and 51.8  can 
be indexed to the (002), (110) and (112) planes of hexago-
nal phase (JCPDS CARD.NO.02-0549). Thus by doping 
Mg in to CdS, structure is transformed from cubic to hex-
agonal phase and the transition is observed at x  0.01. 
The cubic and hexagonal structures are polytypic. Struc-
tural transformation occurs easily by introducing stack-
ing faults. The stacking fault energy (SFE) of CdS is in 
the range of 8.7 mJm – 2 [27]. In our samples stacking 
fault energy seems to be still decreasing and particles 
precipitate at higher rates. So the stacking faults may be 
easily introduced while synthesizing Mg doped CdS na-
noparticles which lead to structural transition from cubic 
to hexagonal. We noticed that diffraction peaks shifted 
towards higher 2θ values with increasing Mg content. 
This may be due to the smaller ionic radii of 
Mg2 + (0.57 Å) when compared to Cd2 + (0.96 Å). This shift 
confirms that the doped Mg substitutes Cd in Mg doped 
CdS samples. The average grain size of the nanoparticles 
was calculated using Scherrer formula [28]. 
 
 0.89 / cosD   
 
a 
b 
a 
b 
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where D is the average particle size,  is wavelength of 
Cu-Kα irradiation,  is the full width at half maximum 
intensity of the diffraction peak and θ is the diffraction 
angle. The calculated diameters of the particles ranging 
from 1.4 nm to 2.8 nm were listed in Table 1. From the 
table it is evident that the particle size (D) increases 
with increasing x in Cd1 – xMgxS. Variation of particle 
size D with Mg content x in the samples is shown in 
Fig. 3b. 
 
 
 
 
 
 
Fig. 3 – XRD spectra of Cd1 – xMgxS (x  0.00, 0.05, 0.10, 0.15 
and 0.20) nanoparticles (a). Variation of particle size D and 
band gap Eg with Mg content x (b)  
 
Table 1 – Partcle size (D), bandgap (Eg) and wavelength of PL 
peak ( ) of Cd1 – xMgxS (x  0.00, 0.05, 0.10, 0.15 and 0.20) 
nanoparticles 
 
Mg  
Composition x 
Particle Size 
D (nm) 
Bandgap Eg 
(eV) 
 for PL 
peak (nm) 
0.00 1.4 3.02 405 
0.05 1.7 2.86 514 
0.10 1.8 2.83 523 
0.15 2.6 2.58 545 
0.20 2.8 2.56 548 
 
In the present study we observed cubic phase in fin-
er particles and hexagonal phase in coarser particles 
(Mg doped). Banerjee et al. reported size induced struc-
tural transition in CdS nanoparticles [26]. The struc-
tural transition observed here in our samples can also 
be associated with the variation of particle size with 
Mg doping. 
 
 
3.4 DRS Analysis 
 
Fig. 4a shows the room temperature diffuse reflec-
tance spectra for the as synthesized nanoparticles. The 
absorption edges are seen to be shifted towards higher 
wavelengths/lower energies with increasing Mg con-
tent. Two absorption edges present in the DRS spectra 
for the sample Cd1 – xMgxS (x  0.10) confirms the co-
existence of cubical and hexagonal phases supported by 
the XRD analysis. 
 
 
 
 
Fig. 4 –  Diffuse Reflectance Spectra of Cd1 – xMgxS (x  0.00, 
0.05, 0.10, 0.15 and 0.20) nanoparticles (a). Kubelka-Munk 
plots for bandgap estimation of Cd1 – xMgxS (x  0.00, 0.05, 
0.10, 0.15 and 0.20) nanoparticles (b) 
 
For analysis purposes the diffuse-reflectance (R) of 
the sample can be related to the Kubelka–Munk func-
tion F(R) by the relation F(R)  (1 − R) 2 / 2R [29]. The 
bandgap of the pure and Mg doped nanoparticles was 
estimated from the diffuse-reflectance spectra by plot-
ting the square of the Kubelka-Munk function F(R)2 ver-
sus energy and extrapolating the linear part of the curve 
to F(R)2  0, as shown in Fig. 4b. The bandgap values 
estimated for the Cd1 – xMgxS (x  0.00, 0.05, 0.10, 0.15 
and 0.20) nanoparticles are in the range 3.02 to 2.56 eV 
and were mentioned in Table 1. These values are higher 
than that of bulk CdS (2.42 eV) which can be attributed 
to the quantum confinement effect. Bandgap widening 
also confirms the nano form of the target samples. It is 
clear from the Fig. 4b that bandgap is decreasing with 
the increasing Mg content in CdS. Variation of bandgap 
may be due to the increase of particle size with increas-
ing Mg content. Variation of bandgap with Mg content x 
is shown in Fig. 3b. 
a 
a 
b 
b 
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3.5 Photoluminescence Analysis 
 
Photoluminescence emission spectrum for pure CdS 
nanoparticles is shown in Fig. 5a. Visible violet lumi-
nescence was observed with emission peak at 405 nm. 
This can be attributed to the band edge emission. As 
the material is excited with certain wavelength, the 
absorption of photons creates electron and hole pairs. 
The band edge emission is due to the recombination of 
electron and hole pairs in the nanoparticles. Tian et al. 
were also reported violet band edge emission in CdS 
nanoparticles of size 2.6 nm [30]. Another small hump 
is also observed at wavelength of 480 nm may be due to 
the interstitial defects. Fig. 5b represents the PL exci-
tation spectrum of pure CdS with peak at 353 nm. 
 
 
 
 
Fig. 5 – PL Emission Spectrum (a) and  PL Excitation Spec-
trum of Pure CdS nanoparticles (b) 
 
PL emission spectra of Mg doped CdS nanoparticles 
are shown in Fig. 6a. No band edge emission was ob-
served in Mg doped samples. All the Mg doped samples 
exhibited strong green emission with luminescence 
quenching and very weak red emission. Green emission 
can be associated with defects in the crystallization 
process due to the incorporation of Mg or / and intersti-
tial sulphur [24, 31]. Luminescence quenching with 
increasing Mg content may be due to the formation of 
deep level traps. Peak position of the green emission is 
red shifted from 512 nm to 548 nm with increasing Mg 
content. Details of this red shift is listed in Table 1. 
This red shift can be associated with the decrease in 
bandgap. There were no reports on Mg doped CdS na-
noparticles for comparison. Similar type of decreasing 
bang gap and red shift of PL emission peak was report-
ed in ZnO micro prisms doped with Mg [21], ZnO nano-
particles doped with Mg [22] and CdS nanoparticles 
doped with Cr [32]. Red emission in the range 650-
680 nm can be attributed to trapped luminescence or 
surface states [24]. Fig. 6b shows the excitation spectra 
of Cd1 – xMgxS (x  0.05 and 0.20). From the figure it is 
observed that the excitation peak is shifted from 393 to 
421 nm with increasing Mg content. PL excitation spec-
tra (PLE) measured reveals a linear increase in the 
peak wavelength with increasing Mg doping levels. The 
dependence of the optical band gap on Mg concentra-
tion derived from reflectance spectra and the PLE spec-
tra correspond well with each other. 
 
 
 
 
Fig. 6 – PL Emission Spectra of Cd1 – xMgxS (x  0.00, 0.05, 
0.10, 0.15 0.20) (a). PL Excitation Spectra of Cd1 – xMgxS 
(x  0.05, and 0.20) nanoparticles  
 
4. CONCLUSION 
 
Intrinsic and Mg doped CdS nanoparticles were 
successfully synthesized by simple co-precipitation 
method. Dopant induced structural transformation 
from cubic to hexagonal phase was revealed by the X-
ray diffraction pattern. All the samples exhibited 
a 
b 
a 
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bandgap widening when compared to bulk CdS 
(2.42 eV). Mg doped CdS nanoparticles evidenced 
strong green emission and very weak red emission. 
Decrease in bandgap, increase in particle size, lumi-
nescence quenching and red shift of PL peak position 
was observed with increasing Mg content in CdS. 
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